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(54) FLAT DISPLAY PANEL AND METHOD OF DIVIDING THE FLAT DISPLAY PANEL 



(57) In a flat display panel wherein two plates made 
of a brittle material are adhered to each other, at least 
one of the two plates has a plane on which a scribing 
line is fomfied, and the plane of the at least one of the 
plates on which a scribing line is fomied is opposed to 
a plane of the other of the at least one of the two plates 



on which no scribing line is fonned. In a case, the two 
plates have planes on which scribing is performed, while 
in another case, only one of the two plates has a plane 
on which scribing is performed. In the latter case, scrib- 
ing may be perfomied on the other of the two plates after 
the two plates are adhered. 
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Description 

Tectinical Field 

[0001] The present invention relates to a flat display 
panel such as a liquid crystal panel having two plates 
adhered to each other, and a method for separating it 
Into parts. 

Baclcground Art 

[0002] Flat display panels such as a liquid crystal dis- 
play panel, a pane! of a liquid crystal projector, an or- 
ganic electroluminescence element and the like are 
used In various areas for communication between a ma- 
chine and a man. Various electronic controller circuits 
necessary for display function are fomned on inner sur- 
faces of two plates made of a brittle material or brittle 
materials and opposing to each other. The two are ad- 
hered to each other In a fabrication process of such a 
flat display panel. The electronic controller circuits con- 
trols a f u nctional material sealed in a space between the 
two plates, and the panel Is used as a display apparatus 
to display a visible image. 

[0003] A prior art fabrication process of a liquid crystal 
panel as one of fiat display panels is explained here. It 
Is to be noted that separation of plates made of a brittle 
material such as glass plates into a plurality of parts is 
ref en'ed to as "separating" or "breaking" in the art. Here- 
inafter, "separating" step Is referred to.a step after scrib- 
ing until division into a plurality of panels. 
[0004] As shown in Fig. 1 , in the fabrication of a liquid 
crystal panel 1 0, that is a kind of a flat display panel, two 
glass plates 12, 14 are adhered to each other with a 
sealant 1 6. Usually scribing lines are fomned on the two 
glass plates of the liquid crystal panel 10 of a large size 
(or mother panel), and a force is applied along the scrib- 
ing lines. Thus, as the force is applied, vertical cracks 
extend further in thickness direction from the scribing 
lines consisting of vertical cracks to separate the mother 
panel (the liquid crystal panel 1 0) Into a plurality of liquid 
crystal panels 10'. Further, a terminal 18 used as a ter- 
minal of a thin film transistor (TFT) array is formed on 
the glass plate 14. The sealant 16 is shown with an ex- 
aggerated size In the cross sections shown In the lower 
side in Fig. 1 , in order to show the positions of the seal- 
ant 1 6 clearly. 

[0005] Fig. 2 shows separating steps (a) to (d) of a 
liquid crystal panel 10. In order to separate it to liquid 
crystal panels 10', two separating steps and two inver- 
sion steps are necessary. 

(a) By using the scribing apparatus, a scribing line 
22a is fomned with a glass cutter wheel 20 on one 
of the glass plates 12. 

(b) The liquid crystal panel 10 is carried to a first 
breaking apparatus by turning the upside down. In 
the breaking apparatus, a breaking bar 26 is 



pressed down onto the other of the glass plates 1 4 
at the position of the scribing line 22a to break the 
lower glass plate 12 along the scribing line 22a. 

(c) Next, the liquid crystal panel 10 having the low 
5 glass plate 1 2 broken already is carried to a second 

scribing apparatus. In the second scribing appara- 
tus, a scribing line 22b is fomned with a glass cutter 
wheel 20 on the other glass plate 14. 

(d) Next, the liquid crystal panel 10 is carried to the 
10 second breaking apparatus by turning the upside 

down. In the second breaking apparatus, a breaking 
bar 26 is pressed down onto the other of the glass 
plates 12 at the position of the scribing line 22b to 
break the lower glass plate 1 4 along the scribing 
IS line 22b. Thus, the liquid crystal panel 10 is sepa- 
rated into two. 

[0006] Previously, In a fabrication process for a liquid 
crystal panel 10, the scribing is performed for the two 

20 glass plates 12, 14 after adhered to each other. Then, 
as shown In step (c), the scribing is perfomied on the 
lower plane of the glass plate 1 2 and on the upper plane 
of the glass plate 14. Therefore, the direction of bending 
moment given to the liquid crystal panel in the separat- 

25 ing step is different between the glass plate 12 and 14. 
Therefore, the two glass plates cannot be broken at the 
same time. Therefore, after scribing on the glass plate 
1 2 at step (a), the liquid crystal panel 1 0 is inverted, and 
the scribing on the other glass plate 14 is perfomned. 

30 Therefore, two cutting steps and two Inversion steps are 
necessary. Thus, the process of the separation with the 
apparatus becomes long, and the system structure is 
large. Further, in the breaking step (d) for the glass plate 
14, if the force becomes too large to generate defects 

35 in the cross section generated by separating the glass 
plates 12 and 14 into parts, this decreases the value of 
the products. 

Disclosure of Invention 

40 

[0007] An object of the invention is to provide a sim- 
pler separation method of a flat display panel with two 
plates made of a brittle material or brittle materials ad- 
hered to each other and flat display panels produced by 

45 the method. 

[0008] A flat display pane! according to the invention 
includes two plates made of a brittle material or brittle 
materials adhered to each other. At least one of the two 
plates has a plane on which a scribing line is formed. 

50 and the plane of the at least one of the plates on whrch 
a scribing line is fomned is opposed to a plane of the 
other of the at least one of the two plates on which no 
scribing line Is formed. In a case, the two plates have 
planes on which scribing is performed, while in another 

55 case, only one of the two plates has a plane on which 
scribing is performed. In the latter case, scribing may be 
performed on the other of the two plates after the two 
plates are adhered. 



2 



3 



EP 1415 959 A1 



4 



[0009] In a separation method according to the inven- 
tion, at least one of two plates made of a brittle material 
or brittle materials is scribed. Next, the two plates are 
adhered to each other so that the plane of the at least 
one of the two plates on which scribing Is performed op- 
poses a plane of the other of the at least one of the two 
plates on which no scribing is performed. Further, the 
other of the at least one of the two plates is scribed if 
scribing Is not yet performed thereon. The adhered two 
plates are bent like an Inverted- V-character if the planes 
on which scribing is perfonned are positioned at the up- 
per side, or like a V-character if the planes on which 
scribing is perfonned are positioned at the lower side. 
Thus, the two plates are separated at the same time. 
[0010] An advantage of the invention Is that the fab- 
rication process can be simplified without decreasing 
the value of products. 

Brief Description of Drawings 

[0011] 

Fig. 1 is a diagram for explaining a structure of a 
prior art liquid crystal panel; 
Fig. 2 is a diagram for explaining separating proc- 
esses of the prior art liquid crystal panel; 
Fig. 3 Is a diagram for explaining separating proc- 
esses of a liquid crystal panel according to the in- 
vention; 

Fig. 4 Is an enlarges view of a terminal portion In a 

liquid crystal panel; 

Fig. 5 is an enlarged view of the terminal portion in 
the liquid crystal panel; 

Fig. 6 is a flowchart of fabrication of a liquid crystal 
panel according to the Invention; 
Fig. 7 is a perspective view of an example of a 
breaking apparatus suitable for breaking the liquid 
crystal panel; 

Fig. 8 is a perspective view of another example of 
a breaking apparatus suitable for cutting the liquid 
crystal panel; 

Fig. 9 is a perspective view of a further example of 
a breaking apparatus suitable for separating the liq- 
uid crystal panel Into parts; 
Fig. 1 0 Is a diagram for explaining a separating op- 
eration in the breaking apparatus shown in Fig. 9; 
Fig. 11 is a perspective view of a still further exam- 
ple of a breaking apparatus suitable for separating 
the liquid crystal panel Into parts; and 
Fig. 1 2 is a perspective view of a different example 
of a breaking apparatus suitable for separating the 
liquid crystal panel into parts. 

Best Mode for Carrying Out the Invention 

[0012] Embodiments of the invention will be explained 
below with reference to the appended drawings. 
[0013] Fig. 3 illustrates a producing method of liquid 



crystal panels as a kind of flat display panel according 
to the invention. A liquid crystal panel 30 of a large size 
is fabricated by adhering two opposing glass plates 32, 
34 with a sealant 36. Various electrons controller cir- 

5 culls such as a thin-fllm-transistor (TTF) array neces- 
sary for the display function are fonmed on the inner 
planes of the glass plates 32, 34. A part of the sealant 
36 has an opening between the glass plates 32, 34 for 
Introducing a functional material (that is, liquid crystal). 

10 Further, a temnlnal part 38 is fonned on the glass plate 
34 and it will become a tenminal of the TTF array. This 
structure of liquid crystal panel is the same as the prior 
art shown in Fig. 1. 

[0014] Similarly to the prior art shown in Fig. 2, ascrlb- 

15 ing line 40a is fomied on a top plane of the glass plate 
32 at the upper side. Further, a scribing line 40a Is 
formed not on a bottom plane, but on the top plane of 
the glass plate 34. Thus, the scribing lines 40a, 40b are 
formed on the top planes of the two glass plates 32, 34. 

20 Further, the sealant 36 Is located just below the scribing 
line 40a and just above the scribing line 40b, and this is 
also different from the prior art shown in Fig. 1 . 
[001 5] In order to separate such a liquid crystal panel 
Into parts, a bending force Is applied to the two glass 

25 plates 32, 34 In the same direction (or upward direction 
in Fig, 3). Then, the two glass plates 32 and 34 can be 
separated at the same time in one separating step. 
[001 6] In Fig. 3, reference marks (a) to (d) show steps 
for fabricating a liquid crystal panel. At step (a), a liquid 

30 crystal panel 30 Is bent at scribing lines 40a, 40b up- 
ward. Then, as shown in step (b), vertical cracks extend 
from scribing lines 40a, 40b through two glass plates 32, 
34. Thus, as shown in step (c), the liquid crystal panel 
30 is separated Into two. As to scribing lines 42, 44 

35 formed near the center or near an end on the liquid crys- 
tal panel, the relevant portions are also removed with a 
method mentioned above or with a prior art method. 
Thus, as shown in step (d), a liquid crystal panels 30' 
are produced. 

40 [001 7] Fig. 4 shows the temnlnal portion 38 of the liq- 
uid crystal panel 30' in an enlarged view. In the prior art 
method shown for comparison at the left-hand side in a 
circle of a two-dots-dash line, the starting point of break- 
ing Is positioned at the bottom plane of the lower glass 

45 plate 34. Since the breaking of the plate 34 does not 
necessarily progress vertically, the length L of the ter- 
minal at the temiinal portion 38 is changed. On the con- 
trary, in the liquid crystal panel of the invention, the start- 
ing point of breaking corresponds to the scribing line at 

50 the upper plane of the plate 34, the length L of the ter- 
minal 38 can be kept almost the same. 
[0018] Further, in the prior art method shown at the 
left side, the sealant 36 extends from the edge of the 
glass plate towards the inside (or to the left side in Fig. 

55 4). Then, washing water or the like remains at a void 46 
near the end of the plate 32, to corrode the terminal por- 
tion 38. On the other hand, in the liquid crystal panel 
according to the invention, because the sealant 36 Is 
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positioned just beiow the scribing position (separating 
position) of the upper glass plate 32, such a void does 
not exist, and washing water does not remain there. 
[001 9] In the liquid crystal display panel shown in Fig. 
3, the two glass plates 32, 34 are adhered to each other 
after the scribing lines are fonmed. As shown in two ex- 
amples in Fig. 5(a). the scribing lines are positioned at 
the same side (upper side or lower side). In another ex- 
ample, a scribing line Is formed only on one of the two 
plates 32, 34. In this example, as shown with a solid line 
in two examples in Fig. 5(b), the scribed line is arranged 
inside the panel after the two plates are adhered, or it 
is not exposed to the outside. After the adhesion, a scrib* 
ing line is formed on the other plate at the outside plane, 
as shown with dash line in Fig. 5(b). Even in this exam- 
ple, the two planes on which the scribing lines are 
formed are arranged at the same side (upper side or 
lower side). 

[0020] A producing method of a liquid crystal panel is 
explained with a flowchart shown in Fig. 6, as an em- 
bodiment of a fabrication method of a flat display panel 
according to the invention. A glass plate 32 has two color 
filter regions on a plane thereof, and another glass plate 
34 has two TFT an'ay regions on a plane thereof. An 
aligning film is applied on these regions, and the aligning 
film is rubbed with a brush or the like in a predetermined 
direction. The rubbing makes liquid crystal align in the 
predetermined direction. 

[0021 ] Next, a scribing line 40b is formed on the glass 
plate 34 with the aligning film thereon. On the other 
hand, after the glass plate 32 is turned upside down, 
another scribing line 40a is formed on the top plane. 
Scribing may be performed with a glass cutter wheel. 
Alternatively, the scribing line may be formed with a la- 
ser scribing apparatus which utilizes thermal distortion 
stress in a plate. Then, the two glass plates 32, 34 are 
washed. Next, a sealant 36 is applied to one of the glass 
plates on the aligning film to cover the scribing line in 
the vertical direction as mentioned above. Further, spac- 
ers are scattered on the aligning film of the one of the 
two glass plates. 

[0022] Then, the two glass plates 32, 34 are adhered 
to each other so that the color filters oppose to the TFT 
arrays. Then, the liquid crystal panel is separated into 
two with the separating method mentioned above. Then, 
liquid crystal is injected through an opening fornied in 
the sealant 36 for each of the separated parts. By seal- 
ing the opening, liquid crystal panels 30' of product size 
are completed. 

[0023] When the two glass plates 32, 34 are adhered 

to each other, the scribing line 40a is positioned at the 
top plane of the glass plate 32. Therefore, as to the glass 
plate 32, the scribing line may be formed after the ad- 
hesion. 

[0024] In the above-mentioned process, as shown in 
Fig. 3, the top planes are scribed both for the glass plate 
32 at the top side and for the other glass plate 34 at the 
bottom side. Alternatively, the scribing may be per- 



fonned on the bottom planes. Further, the timing of the 
scribing is not limited to the step shown in Fig. 6. The 
scribing on one of the glass plates 32 or 34 with the 
aligning film thereon can be perfomied before adhering 
5 the glass plates 32, 34 as far as the scribing is not ob- 
structed. 

[0025] Next, a separation process appropriate for the 
invention is explained. 

[0026] A breaking apparatus shown in Fig. 7 has a 

10 known mechanism as the prior art breaking apparatus 
shown in Fig. 2. A liquid crystal panel having scribing 
lines 40a. 40b is set on a mat placed on a table 52 so 
that the glass plate 34 is positioned at the upper side or 
the scribing lines 40a, 40b are positioned on the lower 

IS planes of the glass plates 32, 34. A breaking bar 50 is 
positioned above the scribing lines 40a, 40b. By pushing 
the breaking bar 50 downward, the liquid crystal panel 
30 is bent on the mat 30 like a V-character to break the 
glass plates 32. 34 at the same time. The "bending like 

20 a V-character" means a state where the planes having 
the scribing lines (on the lower planes) are expanded 
while the other planes without scribing lines are com- 
pressed. Thus, a force is applied in a direction along 
which cracks at the scribing lines expand towards the 

25 opposing plane to separate the two glass plates 32, 34 
Into two, 

[0027] Fig. 8 shows another breaking apparatus 
shown in Japanese Patent laid open Publication 
4-280828/1 992. Tables 52a and 52b are separated with 

30 a gap between them, and a liquid crystal panel 30 is 
sucked and fixed across the two tables 52a, 52b so that 
the scribing lines 40a, 40b are positioned in the gap. At 
this time, the glass ptate 32 is set to be located at the 
upper side or the scribing lines 40a, 40b are positioned 

35 at the upper planes of the glass plates 32, 34. Then, one 
of the tables 52a is rotated around a center of rotation 
in a direction shown with an arrow. Thus, the liquid crys- 
tal panel is bent like an in verted- V-character to separate 
the two glass plates 32, 34 at the same time. The "bend- 

40 Ing like an Inverted- V-character" means a state where 
the planes having the scribing lines (upper planes) are 
expanded while the other planes without scribing lines 
are compressed. In this case, a force is also applied In 
a direction along which cracks at the scribing lines ex- 

45 pand towards the opposing plane so that the two glass 
plates 32, 34 are separated into two. 
[0028] Fig. 9 shows a different breaking apparatus of 
the applicant on which a patent application was filed. 
The tables 52a and 52b are separated with a gap be- 

50 tween them, and three supporting shafts 54, 56, 58 are 
fixed at the rear side of the other table 52a vertically to 
the table plane. The supporting shafts 56, 58 are pro- 
vided along a side 60 of the table 52a facing a gap be- 
tween the two tables 52a, 52b, while the supporting 

55 shaft 64 is provided at a position opposing to the sup- 
porting shaft 58 in a diagonal direction of the table. 
[0029] A lower end of each supporting shaft 54, 56, 
58 is connected to an end of a universal joint 62. 64. 66. 
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The other end of the supporting shafts 62 and 66 are 
fixed to the base, while that of the supporting shaft 64 
is fixed via an extension mechanism 70 to the base. The 
extension mechanism 70 has a linear motor or the like 
therein to extend In the vertical direction. Similarly to Fig. 
8, a liquid crystal panel 32 is sucked and fixed across 
the two tables 52a. 52b so that the glass plate Is posi- 
tioned at the upper side or the scribing lines 40a, 40b 
are positioned In the gap. 

[0030] Fig. 10 shows a state where the extension 
mechanism 70 is elongated. The table 52a is rotated 
with a center of rotation that corresponds to a line con- 
necting the universal joints 62 and 66. However, the di- 
rection of the center of rotation has a certain angle rel- 
ative to the scribing direction. Therefore, the amplitude 
of the movement of the end face 60 of the table 52a be- 
comes larger as a position on the table is moved to the 
front side in Fig. 10, as shown with arrows. This tenden- 
cy is enhanced as the angle becomes larger. 
[0031 ] Thus, in the glass plates, the breaking is start- 
ed at the end face at the front side, and the glass plate 
is separated from the front side to the rear side succes- 
sively. In the separation process, the separation is start- 
ed at a point so that a section generated by the separa- 
tion is fomned smoothly with a small breaking force. 
Therefore, the problems mentioned above on prior art 
do not happen. Further, separation can be perfonned 
similarly for a glass plate for which scribing is perfonned 
with a laser scribing apparatus which uses thermal dis- 
tortion stress. 

[0032] Fig. 11 shows another breaking apparatus, tn 
this apparatus, first and second product tables 13, 14 
are set on a sliding table 11 and a tilt table 12 so that 
the edges of the tables 1 3,1 4 make a predetermined an- 
gle. Plates G adhered to each other and having scribing 
lines (not shown) formed on two planes thereof are put 
on the tables 13, 14 and first and second clamp bars 
15a, 16a press and fix the plates G. Then, the second 
product table 1 4 is rotated around a center axis of rota- 
tion 1 8a, so that a shear force and a tensile force are 
applied to the scribing lines with the clamp bars used as 
a pressing means. Therefore, one of the clamp bars 
15a, 15b having a smaller gap acts as a breaking point 
for the plates G. Thus, the plates G are separated into 
two parts GR, GL. 

[0033] Fig. 12 shows a breaking apparatus for press- 
ing an edge of a liquid crystal panel with a pressing de- 
vice 50a. A liquid crystal panel 30 according to the in- 
vention can also be separated with the apparatus, in this 
example, similarly to the apparatus shown in Fig. 8, the 
liquid crystal panel 30 is positioned on a table 52 so that 
one of the glass plates 32 is positioned at the upper side. 
[0034] Further, it Is to be noted that though the above- 
mentioned liquid crystal panel includes glass plates, the 
invention can be applied generally to a flat display panel 
including plates made of a brittle material or brittle ma- 
terials. 

[0035] Next, a producing method of a reflection type 



liquid crystal projector panel is explained according to a 
second embodiment of the invention. The reflection type 
liquid crystal projector panel is fabricated by adhering a 
silicon plate and a glass plate opposing to each other 

5 with a sealant and by separating the adhered plates into 
parts. The separation step is similar to that of the first 
embodiment shown In Fig. 3, but is different only by re* 
placing a glass plate at the lower side with a silicon plate. 
Therefore detailed explanation on the separating step 

10 is omitted here. 

[0036] In the above-mentioned embodiments, a liquid 
crystal display panel and a reflection type liquid crystal 
projector panel are explained. Further, needless to say, 
the invention can also be applied to a transmission type 

IS liquid crystal projector panel, an organic electrolumines- 
cence element, a plasma display panel, afield emission 
display panel and the like. 

[0037] As explained above, according to the invention 
two plates made of a brittle material or brittle materials 

20 are adhered so that planes on which scribing lines are 
fonned are both the top planes or bottom planes of the 
two plates. Then the force applied for separating the 
plates exerts to extend the cracks from the scribing 
lines. Thus, the two plates can be separated at the same 

25 time, and the working step in the producing process can 
be simplified largely, while the value of the product is not 
decreased. 



30 Claims 

1. A flat display panel including two plates made of a 
brittle material or brittle materials and adhered to 
each other, wherein at least one of the two plates 

35 has a plane on which a scribing line is formed, and 
the plane of the at least one of the plates on which 
a scribing line is formed is opposed to a plane of the 
other of the at least one of the two plates on whk;h 
no scribing line is fonned. 

40 

2. The flat display panel according to claim 1 , wherein 
each of the two plates has a plane on which a scrib- 
ing line is formed. 

^5 3. The flat display panel according to claim 1 or 2, 
wherein the sealant is positioned just above a scrib- 
ing line on the plane of the at least one of the plates 
on whteh a scribing line is fonned. 

50 4. The flat display panel according to one of claims 1 
to 3, wherein the two plates are made of glass, 
wherein the flat display panel is a liquid crystal dis- 
play panel. 

55 5. The flat display panel according to one of claims 1 
to 3, wherein the two plates are made of glass, 
wherein the flat display panel is a liquid crystal pro- 
jector panel. 
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6. The flat display panel according to one of claims 1 
to 3, wherein the two plates are a glass plate and a 
silicon plate, wherein the flat display panel is a liquid 
crystal projector panel. 

5 

7. A separation method for a flat display panel com- 
prising the steps of: 

scribing at least one of the two plates made of 
a brittle material or brittle materials ; io 
adhering the two plates so that the plane of the 
at least one of the two plates on which scribing 
is performed opposes a plane of the other of 
the at least one of the two plates on which no 
scribing is performed; '5 
scribing the other of the at least one of the two 
plates if scribing is not yet performed thereon; 
and 

bending the adhered two plates like an invert- 
ed-V-character if the planes on which scribing 20 
is performed are positioned at the upper side, 
or like a V-character if the planes on which 
scribing is performed are positioned at the low- 
er side. 
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